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EPOTH I L0N0ER I VATE v HERSTELLUMG UNO VERWENOUHG 



Dia vorliagande Erfindung batrifft allgamain Epothilondarivata 
und daran Verwandung zur Haratallung von Arznaimittaln. Inaba- 
sondara batri££t dia vorliaganda Erfindung dia Haratallung dar 
Epothilondarivata dar nachfolgand dargaatallttn allgamainan For 
main 1 bia 7 aovia daran Varvandung zur Haratallung von thara- 
pautischan Mittaln und Mittaln fQr dan Pf lanzanachutz. 
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In den vorstehenden Foraeln 1 bis Formal 7 bedeuten: 
R - H, C 1 . 4 -Alkyl; 

Rl, r 2 , r 3 , r 4 , R 5 - H, Ci.g-AlJcyl, 

c l - 6 -Acyl -Benzoyl , 

Ci.4-Trial)cylsilyl, 
Benzyl , 
Phenyl , 
Ci-g-Alkoxy-, 

C$-Alkyl-, Hydroxy- und Halogen- 
substituierces Benzyl bzw. Phenyl; 
wobei auch zwei der Reete R 1 bis R 5 zu der Gmppierung «(CH 2 > n - 
mit n - 1 bis 6 zusammentreten kdnnen und es sich b«i den in den 
Reeten enthaltenen Alkyl- bzv. Acylgruppen urn gradkettige oder 
verzw«igte Reace handelt; 

Y und 2 eind eneveder gleich oder verachieden und scehen jeweila 
fur wieserstoff, Halogin. wie P, Cl. Br oder J, P.eudohalogen, 
wie -NCO. -NCS oder -H 3 , OH. 0- (Ci-$> -Aeyl. 0-(C 1 .«) -AlJcyl. O- 
Benxoyl. Y und 2 konnen auch das O-Atoa ainaa Bpoxidea sain, 
wobai Epochilon A und B nicht baanaprucht warden, odar eine der 
C-C-Bindungen einer C-C-Doppelbindung btlden. 



in der Formel 3 acaht X allgemein fur -C<0)-. -C(S)-. -S(0>-. - 
CR 1 R 2 -. wobai R 1 und R 2 die Bedeutung haban wia oben angegeben. 
und -SiR 2 -. wobai R die Bedeutung hac wie oben angegeben. 

in der Panel 4 bedautet X Saueretofif. NOR 2 , N-NR*R 5 . und.M- 
NHCOSR 4 R 5 » wobai die Reete R 2 bia R 5 die oben angegebene Bedeu- 
eung habeo. 

In dar Formal 3 bedeucet X Waaaaraco££. Cx-n-Alkyl.. Ci-xa-Acyl 
Bensyl, Benxoyl und Cinnamoyl. 
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FQr Epothilon A und B sei verwiesen auf DE-A-41 38 042. 
Verbindungen gemiS der allgemeinen Pontl 1 sind ausgehend von 
Epothilon A und B sowie von deren 3-0- und/oder 7-o-geachuC2Cen 
Derivacen durch dffnung dee 12, 13-Epoxids zugAnglich. Werden 
dazu Hydrogenwasaerscof faiuren in einem bevorzugc niche wassri- 
gen Ldsungamictel eingeaeczc, wobei man die Halogenhydrine X ■ 
Hal, Y * OH und Y - OH, Y - Hal erhilt. ProtonensAuren wie z.B. 
Toluolaulf onsture und Trif luoreaaigaiure fQhren in Gegenwarc von 
Waeser zu 12, 13-Diolen, die anachlieSend naeh Standardverf ahren 
acyliert (z.B. mic Carbonslureanhydriden und Pyridin oder 
Triechylamin/DMAP) oder alkylierc (Alkylhalogenide und Silber- 
oxid) werden. Die 3- und 7-Hydroxygruppen kdnnen dazu voruber- 
gehend als Formiac (Abapalcung mic NH3/MeOH) oder p-Mechoxy- 
benzy lecher (Abapalcung mic DDQ) geachflczc werden. 

Verbindungen gemlS der allgemeinen rorael 2 aind aua Epothilon A 
und B sowie deren 3-0- und/oder 7-0-geachaczcen Derivacen durch 
Reduction, z.B. mic NaBH* in Methanol erhaltlich. Sind dabei 3- 
0H und/oder 7-OK reverxibel geachutxt, so k<5nn«n nach Acylierung 
oder AlJcyli«rung und Entfarnan der Schutxgrupptn 5-0-mono*ub«ti- 
tuierte, 3,5- oder 5 , 7-0-diaubatituierte Derivate der allgemei- 
nen formal 2 erhaltten werden. 

Umaetxungen von Epothilon k und B ait bifunktiontllen elektro- 
philen Reagenxien, wie (Thio)Phoegen. (Thio)Carbonyldimidaxol, 
Thionylchlorid oder Dialkyleilyldichloriden bxw. -bistrif lacen 
ergeben Verbindungen der allgemeinen rorael 3. Ala Hilfebaeen 
dienen dabei Pyridin, Trialky lamina, ggf . zuaammen mit DMXP bxw. 
2.6-Lutidin in einea nlehtprotiaehan Loaungaaittel. Die 3,7-Ace- 
tale dar allgenainen rorael 3 entateheii durch Omacetaliaierung 
x.B. von Diaathylacatalan in Gegenwart einea xauren Katalyaa- 

a 

core. 
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Verbindungen gemAfl der allgemeinen Por»el 4 werden aus Epothilon 
A und 3 Oder ihren 3-0- und/oder 7-0-geschutzten Derivaten durch 
Ozonolyse und reduJctive Aufarbeieung. z.B. mic Diraethyleulfid. 
erhalcen. Die C-16-Ketone konnen anschlieSend nach dem Fachmann 
geliufigen Standardverfahren in Oxime. Hydrazone oder Semicarba- 
zone umgev.nd.lt werden. Sie werden weitarhin durch witcig-. 
wittig-Horner-. Julie- oder Pecersen-Olef inierung in c-li/C-17- 
Olefine Oberfuhrt. 

„d.r Bornydrid. .ind di. 16-Hydroxyd.riv.t. 9 .«i« d.r Uf™ 
°.n rorJTs .rhllclieh. Di... »»»». «•»" »"°« '-° H 
L.pr.ch.nd.n s.h»« 9 rupp.» ~r..h.n .ind. ..i.*iv. .cyU.« 
ldlr .llcyli.rt wrd.». Di. Fr.i.«.u»» d.r 3-Oh- und 7.0H-crup- 
ptl j2£ .... b.i 0-For.yl durch HX 3 /««H. b.1 0-p-H.tnoxy. 
bantyl durch DDQ. 

Di. verbindungen der allg.«ein.n rorael 6 werden eu. 0«l««« 
pmkWIm A und B erhalten. bei den.n die 7-OH-Grupp. durch 

JL -i. *- b..«hri.b.» ( r.i,...«c 

.,i„.i».ln.n rormrt 1 ««rd.n .u. Epothilon X und 

B oder deren a -on ****** » ^ _„ M*oH/wae»er. vor- 

• a mit NaOH in HeOH oder Meo«/ 
Hydrolyee erhalten. x.B. mxc «• x 7 au . E po- 

chilon A cda* B ^•^"•^ #rh . U€n , in.b.aondere «it Eet.ra- 
durch •»«V- ti ' Ch- D ^ 1 r ^^ TgrCpp. kann -it Diaxoelxanen nach 
■«n od«r LiP— »• ^^^Herung in Eet.r umg.wand.lt 
Schutx dar 19-OH-Oruppe durch Xlkyli.rung 

warden. 
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Ferner k&nnen Verbindungen der Formal 7 durch Lactonisierung 
nach den Methoden von Yamaguchi (Trichlorbenzoylchlorid/DMAP) , 
Corey (Aldrithiol/Triphenylphosphin) oder Kellogg (omega-Brom- 
siure/Caesiumcarbonat) in Verbindung der Formtl 2 urngewandelt 
werden. Einschligige Arbeitsmethoden finden sich bei 

Inanaga et al. in Bull. Chera. Soc. Japan, 52 (1979) 1989; 
Corey & Nicolaou in J. Am. Chem. Soc 96 (1974) 5614; und 
Kruizinga a Kellogg in J. Am. Chem. Soc, 103 (1981) 5183. 

Zur Herstellung der erf indungsgemaBen Verbindungen kann man auch 
von Epochilon C oder 0 auagehen, wobei zur Derivatisierung au£ 
die voretehend beschriebenen Derivatieierungemethoden verwieaen 
werden kann. Dabei kann man die 12, 13-Doppelbindung selektiv 
hydrieren, beiepieleweiee katalytiech oder mit Diimin; oder 
epoxidieren. beiepieleweiee mit Dimeehyldioxiran oder einer 
Perelure; oder in die Dihalogenide. Dipeeudohalogenide oder 
Oiazide umwandeln. 

Die Brfindung betrifft ferner Mittel fur den Pflanzenechucz in 
Landwirtschaf t , Foretwirtschaft und/oder Gartenbau, beetehend 
aue' einer oder mehreren der voretehend aufgefuhrten Epothilon- 
derivate bzw. beetehend aue einem oder mehreren der voretehend 
aufgefuhrten Epothilonderivate neben einem oder mehreren ubli- 
chen Trlger(n) und/oder Verdunnungsaittel (n) . 

SchlieBlich betrifft die Brfindung therepeutieche Mittel. beete- 
hend eue einer oder mehreren der voretehend aufgefuhrten Verbin- 
dungen oder einer oder mehreren der voretehend aufgefuhrten Ver- 
bindungen nebe* einem oder mehreren Oblichen Triger(n) und/oder 
verdunnungeedttel(n). Dieee Mittel konnen inebeeondere cytotoxx- 
eche AJetivittten zeigen und/oder Immuneuppreeeion bewirken 
und/oder zur Bekampfung meligner TMmore eingeeetzt werden, wobei 
,ie beeondere bevorzugc ale Cytoetetike vervendtoar eind. 
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Die Erf indung wird im folgenden durch die Beschreibung von eini 
gen ausgewihlten Ausffchrungsbeispielen niher erlAutert und be- 
schrieben. 



Beiepiele 

V 

Beiepiel It 

Verbindung la 

20 mg (0.041 mmol) Bpothilon A werden in 1 ml Acecon gelftsc. mit 
50 Ml (0.649 mmol) Trif luoreeeigsaure verseeze und uber Nacht 
bei 50 *C garthrt. Zur Auf arbeieung wird das Reaxtionsgemisch 
mit l M Phoephatpuffer pH 7 verseeze und die vafiriga Phase vier- 
mal mit Ethylacatat extrahiart. Die vereinigten organiechen Pha- 
sen wardan mit geaattigter Natriumchlorid-Losung gawaechen, uber 
Natriumaulfat gatrocknat und vom Losurigamittel bafreit. Dia Rei- 
nigung daa Rohproduktaa erfolgt mit Hilfe dar praparativen 
Schichtchromatographie (Lau£mittal: Dichlormathan/Aceton, 8S : 

IS) . 

Auebeuta: 4 mg (19 %) Iaomar I 

4 mg (19 %) Iaomar II 



learner X 





0.46 

3440 (m, b, Sch). 2946 (a, Sch) , 1734 

(va) . 1686 <«> . i«« (■> • 1375 {w) ' 12SS 
(a, Sch). 1190 (v. b, Sch), 1071 (m, 
Sch), 8*4 (w). 73 S (w) cm" 1 . 

«/• (%) - 493 (43 (M-H 2 Ol*). 39* (*•»). 306 (32), 

206 (30), 181 (40). 166 (72), 139 (100), 
113 (19), 71 (19). S7 (24). 43 (24). 
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Hoehaufiaauna; C ?g H-» aOgNS bar.: 493.2498 fflr [M-H 2 Ol * 

: 493.2478 



I sonar ZZ 

Rf (Dichlormethan/Acecon, 8S : IS) : 0.22 

IB t£UaJ j ny - 3484 (3, b, Sch) , 2942 (vs, Sch), 1727 

(vs). 1570 (w), 1458 (ra), 1380 (m) , 126S 
(s), 1190 (w), 1089 (m). 975 (w) , cm" 1 . 

MS ( 20/70 «vi ; m/e (%) . 493 (21 [M-H 2 0]*), 394 (12), 308 (46), 

208 (37), 181 (63), 166 (99), 139 (100), 
113 (21), 71 (23), 57 (33). 43 (28). 

HQchauglftiunqg c 2 6H 39 o 6 ns ber.: 493.2498 fOr (M-H 2 0J* 

gef.: 493.2475 



Beispiel 2t 
Verbindung lb 

SS mg (0.111 mmol) Epothilon A warden in 0.5 ml Tetrahydrofuran 
gelfiat, mit 0.3 ml IN Salzalure versetzt und 30 Minucen bei 
Raumtemperatur genlhrt. AnechlieSend wird mit 1 N Phosphat puffer 
pH 7 versetzt und die w4Srige Phase viermal mit Ethyl ace tat ex* 
trahiert. Oie vereinigten organiachen Phaaen warden mit gee*t- 
tigter Natriuachlorid-Lflaung gevaechen, Ober Natriumsulf at ge- 
crocJcnet und voa Lfiaungamittel befreit. Die Reinigung dea Roh- 
produktea erfolgt ait Hilfe.der priparativen Schichtchromato- 
graphie (Laufmittel: Dichlormethan/Methanol, 90 : 10) . Auabeute: 
19 mg (32 %> 
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0.46 



R f (Plchl orraethan/Mothanol, 90 = 10) : 

3441 (3, br. Sch). 2948 (s, Sch), 1725 



ny - 



(vs, Sch), 1462 (m). 1381 (w) , 1265 (m) . 
1154 (w) , 972 (m, br. Sch) era 



-1 



run. 



MfitilinflU : lambda**, (lg epsilon) - 210 (4.29). 248 (4.11) 

m / e (%) = 529 (13 tM*)>, 494 (10). 342 (38). 306 
(23), 194 (32). 164 (100). 140 (31), 113 
(15). 57 (16). 



C26»40 o 6C 1I,S ber ' : 

get. : 



S29.2265 ftir tM*] , 
529.2280 



Balaplal 3i • 
Verbiadusg lo 

25 rag (0.047 ramol) 12- Chlor- 13- hydroxy- epcthilon A (lb) warden 
25 rag . Am* mit 29 nw (0.235 mmol) Dimethyl- 

»i e Eia/Natriumchlorld abgekOhlc. Nach Brreichen von -IS c wer 
*^ , Minuten gerOhrt. Zur 
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organischen Phasen werden mic gesattigcer Natriumchlorid-Ldsung 
gewa.chen, uber Naeriumsulfac getrocknec und votn L&aungsraittel 
befreic. Die Reinigung des RohproduJctes erfolgc mic Hilfe der 
praparaeiven Schichcchromacographie (Lauf mittel : 
Dichlormechan/Acecon, 90 : 10). Ausbeute: 5 mg (IS %) 

R £ (Dichlo rmechan/Acecon. 90 : 10) : 

T H fPt i m)! ny - 3497 (w, b, Sch) , 2940 (s. b. Sch). 1725 

(vs), 1468 (m, b. Sch), 1379 <m) , 1265 
(s>. 1253 (a). H7S (va). 972 (m, b, 
Sch), 737 (s) cm* 1 

♦ 

ro on/-m .V), m/e (%) - 613 (9. [«♦]). 567 (43) . 472 (63). 382 

(23), 352 (21), 164 (100), 151 (33), 96 
(31), 69 (17), 44 (26). 

C29H40O9NSCI bar.: 613.2112 fiux (M*l 

gaf.: 613.2131 



Bciapial 4» 
V«rbindung Id 



10 mg (0.020 mmol) Bpochilon B v.rd.n in 0.5 ml T.crahydrofuran 
a .iaat mic 0.5 ml 1 N S.lz.iur« veraeczc und 30 Minucen bai 
Raumtemparatur garuhrt . An.chli.B~d wird mic 1 M Pho.ph.cpuf fer 
^ vaT-aCC und di. waBrig. Ph... vi.rm.1 ~ 
tr.hi.rc. Di. v.r.lnigc.n org«ni.ch.n Ph..- -rd.n «ie ga.ic- 
tigc.r H.cri««:hlorid.L6«ng g.v..ch.n. ub.r N.criumau If.c ga- 
\£Zmz und vo. L6.ung«*tc.l ba£r.ic. Oi. R.inigung d.. Roh- 
;r^C..^f«l9t -it Hilf. d.r praparacivan Schichcchromacogra- 
phl. (L.uf«UC.li Dlchlorm.th.n/Ac.con, 8S : 15). 
Auabeuca: 1 mg (9 
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(Dichlormethan/Aceton, 85 : 15) : 0.38 




f? n/7Q .V) : m/e (%) - 543 (3 CM*] ) , 507 (14). 320 (19), 234 

(9), 194 (17), 182 (23), 164 (100), 140 
(22) , 113 (14) , 71 (13) . 



C 2 7H 4 2P€NSC1 bar. : 

gef . : 



543.2421 fur [NT] 
543.2405 



Varbindung 2a 

100 mg (0.203 m»ol) Epothilon A w.rd.n in 4 ml Tetrahydro£uran/l 
M Pho«phatpu££.r P H 7 (1 r 1) g.l©«t ™d .ol.ng. mit N.triumbor- 
hydrid (ISO mg - 3.9« mmoi) v.r..t« bl. da. Edukc lauc oann- 
schichtchrom.togr.mm voll.tandig abre.gi.rt l.t. An.chlieS.Bd 
„lrd mit 1 M Pho.ph.tpu££.r pH 7 verdQnnt und di. waftrig. Ph... 
vi.rmal «it Ethyl.c.t.t .xtr.hi.rt. Di. v.r.inigt.n organx.ch.n 
Ph...n w,d.n mit gc.attigt.r N.triumchlorid-LA.ung ^w.-chen 
Ob.r N.trium^Uat g.trockn.t und vom Wungwitt.l b.fr.it^ Dx. 
R.inigung d.. Rohproduxt.. .rfolgt durch ^f"^^. 
(L.u£mitt.l: oichlorm.tn«n/Ac.ton. 95 5 - grad - nach Dichlor 

methan/Aceton. 85 : 15) . 



(Dlchlorm.thm/Ac.ton> 7S t 25) : 



0.27 



ny 



3413 <«. b. Sch). 29«S (Y«. Sch), 1734 
(v.). 1458 (m, b. Sch). 1383 (m. Sch). 
1264 (.. b. Sch). 1184 (m, b. Sch). 10S9 
(., Sch). 96. (•). 885 (w). 737 (m) cm 
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m/e (V) - 495 (S IM"-]). 477 (8), 452 (12). 394 
(9), 364 (16), 306 (49). 194 (19), 178 
(35), 164 (100), 140 (40), 83 (21), S5 
(27) . 



C26«4l06NS 



ber. : 
ge£. : 



49S.26SS £Qr [M*] 
495.2623 



Baiapial St 

Verbindung 3a-d (a-d aind Stereoieoaere) 

100 mg (0.203 mmol) Epothilon warden in 3 ml Pyridin gele-ac, mit 
50 Ml (0.686 mmol) Thionylchlorid varaaczc und 15 Minucen bai 
R»umtemperatur gerthrt. Anachlieflend wird mic 1 H Phoaphatpuffer 
P H 7 veraeexc und die wlflrige Phaee viermal wit Bthylaceeac ax- 
trahierc. Die varainigtan organiachan Phaaan warden mic geaat- 
tigter Naeriuiachlorid-Lc-aung gewaachen, uber Matriumaulfat ge- 
crocknet und vom Lfteungamietel befreic. Die Reinigung da a Roh- 
produktee und Trennung der vier Stereoisemeren 3*-d erfolgc mit 
Hilfe der prtparativen schiehtchromatographie (Laufmittel: 
Toluol/Meehenol , W : 10). 

Verbindung 3a 



aaahiaMu « »9 *i? % V 



- r^^^^S M^&^m^M^y 1741 (V« . 1701 (va) . 

'ir-ffl™r:s^^^^V ; uft (a, Sch). 1388 <«. Sch). 1238 (a. 

Sen), 1210 ive. Sch). 1011 (a. Sch). 957 
<«, b, Sch). 800 (m, Sch). 768 (a. Sch) 
-1 
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lambda« x (lg epsilon) - 210 (4. SO), 248 (4.35) 



nm. 



m/e (%) • 539 (40 (M*]> , 4S7 (22), 362 (16), 316 
(27), 222 (30), 178 (30), 164 (100), 1S1 
(43), 96 (38), 69 (29), 55 (28), 43 (20). 



C26H37O7NS2 



ber. : 



539.2011 Mr [M*] 



Vcrbindung 3b 




" <Ptlm>: ny 



r|Y f Mat , ftp wall 5 

run. 



0.44 

2963 (». br, Sch), 1740 (va) . 1703 (a). 
1510 (*), 1464 (m, br, Sch). 1389 (m. 
Sch), 1240 (a. br, Sch), 1142 (m) . 1076 
(w), 1037 (w), 1003 (m), 943 (a, br, 
Sch), 808 (m, Sch), 775 (a), 737 (m) cm' 
1 

l^JH «P-ilon) - 211 (4.16). 250 (4.08) 




(%) . 539 (27 tM*1). 475 (17), 322 (41). 306 
(67). 222 (1«). 208 (17), 194 (19). 178 
(32). 164 (100). 151 (33). 125 (18). 113 
(15). 98 (39). 81 (23), 64 (58). S7 (42) 
41 (19)!. 

• . . - 



ga£. : 



539.2011 Wr- [H*T 
539.1990 



• ■ • 
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Vcrbindung 3e 

R t (Toluol /Methanol, 90 10) » °- 38 

uc „n/7 Q .VI 8 m/e (%) - S39 (SI WJ > . 322 (22), 306 (53). 222 

(36). 178 (31). 164 (100). 151 (41). 96 
(25). 81 (20), 69 (26). 55 (25), 41 (2S) . 

HflfiliftuIlAaunai C26H37O7NS2 ber.: S3*. 2011 fur EM-) 

gef.: 539.2001 

V«rblndung 34 



ft |i«btutt: 1 og (1 %> 



0.33 



R f (Toluol /M«Ch»nol. 90 ; 10) t 

539 (69 [M*]). 322 (35). 306 (51).- 222 
(41). 178 (31). 164 (100). 151 (46). 96 
(31). 81 (26), 69 (34). 55 (33), 41 (35) 




m/« (%) 



C26H3707 KS 2 



bar. : 

g«f . : 



539.2011 fur Wl 
539.1997 




- .'"< , T. > -\- •■ - 

~'i»-.f. »,i ■- 

n-7 • 1 1 f V * - 

libthilon A %*rdw in 2 ml Dichlorm«chan g«- 
i^kahlt und «n.chlfft*«id 5 Minuf n mic Oxon 
IHufirbun, b.h.nd.lt. D.. 

*i*m -ird .n«ehlUS«nd mit 0 . 5 ml DintbyUalf Id vr- 
cion#g«mi«cb wird anflcux«>» Aufa r b«itung -ird d«« 

Re«ktion«flt-d«ch vo. L6wng«itt.l *f nit una 



WO97/190i« 



-16 - 



priparative Schichtchromatographie (Laufmitcel Dichlor- 
methan/Acacon/Methanol. 85 . 10 : 5) gereinigc. 

Rf (Dichlorrneehan/Aceton/Mathanol, 85 : 10 : S) ; 



0.61 



IB l£Uml 



ny 



3468 (s. br, Sch), 2947 (s, br. Sch) , 
1734 (VI, Sch), 1458 (w), 1380 (w) , 1267 
(w), 1157 (w), 1080 (w), 982 (w) cm -1 . 



^ jy fMafchanQl) •■ lambda^ 



. 398 (2 tM*]). 380 <4) , 267 (14). 249 
(17), 211 (20), 193 (26), 171 (34) , 139 
(34), Ul (40). 9« (100), 71 (48), 4> 
(50) . 



Hnrti|1 , 01 Amino t C21H34OT 1 

g«f.: 



398.2305 fiOx [M*l 
398.2295 



B*i«pi*l ft 

♦ t 








^ ^ ^ »n»oniak«ll 
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Nacht bei Rauracemperatur geruhrt\ Zur Aufarbeitung wird das L6- 
sungsmittel im Vafcuum encfernt. 

Ausbgutft; 4 mg (22 %> 

R t (Dichlormethan/Acecon, 85 : IS): 0.46 

tp (Film) : ny - 3445 (w, br, Sch) -, 2950 (vs, br, Sch), 

1717 (vs, Sch) , 1644 (w), 1466 (rn, Sch), 
1370 (m, SCh) , 1267 (s, br, Sch), 1179 
(S, SCh), 984 (3, Sch), 960 (w) , 733 (m) 
, cm" 1 

* 

ttv fM»ehanol) ; lambda,^ (lg epailon) • 210 (4.X6) nm. 

M ft f?n/-M eVl ; m/e (%) - 475 (28 (M*J ) , 380 (21), 322 (37) , 318 

(40), 304 (86), 178 (31), 186 (100), 1S1 
(29), 140 (19), 96 (38), 81 (20), S7 
(26). 

H nrh» u flft»un B! C 2 6H 3 70 S HS b«r. : 475.2392 Mr {M*l 

gef. 475.2384 



Baiapial 9t 

Varbindung 6b 

■ 

50 mg (0.091 mmol) 3.7 : Di-0-formyl-epochilon A (warden in l ml 
Dichlorethan geldat. mlc 2 ml (0.013 mol) 

l,8-Dia«ablcyclo(5.«.0]undac-7-an (DBO) varaaezc und 12 Stundan 
bai 90 *C garQhrt. 

zur Aufarbeitung wird daa Raaktionagamiach mit l M Nacriumdihy- 
drogenphoephat-Puffer pH 4.5 varaaezc und dia waSrige Phaaa 
viamal ale Bthylacecae extrahiart. Dia verainigtan organiachen 
Phaaan warden *ic geeactigtar Nacriumchlorid-Lfiaung gewaachan. 
uber Natriumaulfat getrockn«t und vom Lfiaungamittal befraie. 
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Die Reinigung des aus zwei Verbindungen bestehenden Rohprodukcea 
erfolgt mitcels praparativer Schichtchromacographie (Laufraitcel : 
Dichlormethan/Acecon, 90 : 10) . 

Ausbeute : 7 mg (IS %) 




10): 0.S2 



2951 (m. br. Schi. 1723 (v.). 1644 (w, 
br, Sch), 1468 (**),' 1377 (w) , 127l <ra, 
br. Sch). 1179 (s). 987 (m, br, Sch) . 735 
(w, br, Sch) era* 1 . 

i lambd-w Ug eP»il° n > * 210 (4 * 44) rm ' 

m/a (%) • 503 («8 [M*] ) , 408 (58). 390 (32). 334 
(25), 318 (34), 220 (21). 205 (27), 194 

(20). HI 164 (100) ' 151 {34> * " 9 

(28). 113 (20), 95 (82). 81 (33). 57 

(24). 55 (26), 43 (22) . 

HQS^IlfilUnSLL C 27 H 37 06HS b«.: 503.2342 fte Wl 

g«f.: 503.2303 



B«ispial 10 t 
v«rbiadu&g 6 



* - (0 005 «-ol) 3.7-Di-O-acatyl-epothilon warden in 1 «1 

. Ir alllH «lt 150 «1 .mar a,»oni.lc.li.ch.n Mathanol- 
Mathanol ga!6.t. "° ' , _.. t2C ^ Macht bai 



16«ung (2 



^ SH,/.l «.th.noD v«..t« on* Gb« ««cht b.i so 
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Ausbguee; 3 mg (67 %) 

R f (Dichlormethan/Aceton, 90 : 10): 0.55 

IS (FilHl i ny - 2934 (s. b, Sch) , 1719 (vs, b, Schl , 1641 

(m), 1460 (n, Sch), 1372 (s, Sch), 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s), 
963 (s, Sch), 737 <va) cm -1 . 

UV (Methanol) : lambda^, (lg epailon) - 210 (4.33) nm. 

MS (20/70 aV) ; m/e (%) - 517 (57 {M*J ) , 422 (58), 318 (31), 194 

(20), 181 (34), 166 (100), 151 (31), 96 
(96), 81 (32), 69 (27), 55 (29). 43 (69). 

Hochau floating; C 28 H 39 0 6 NS bar.: 517.2498 £Qr (M+] 

gaf . : 517 2492 



Baiaplal lit 
Varblnduag 7a 

20 mg (0.041 mmol) Cpothilon warden in 0.5 ml Methanol geldet, 
mit 0.5 ml 1 N Natronlauge veraeczt und 5 Mlnuten bei Raumtempe- 
ratur gerthrt. 

Zur Aufarbeitung wird daa Reaktionsgeraiach mit 1 M Phosphat- 
pufftr pH 7 veraetxt und die wlSrige Phaae viermal mit Ethyl* 
acetat extrahiert. Ola vereinigten organiachan Phaaan warden mit 
gealttigter Natriumchlorid-Lfieung gewaechen, Ober Natriumaulfat 
gacrocknet und vom Ldeungamittel befreit. Die Reinigung dee Roh- 
produktee arfolgt mit Hilfe der priparativen Schichtchromato- 
graphie (Laufmittel: Dichlormethan/Methanol, 85 : 15). 



» 
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fl^ ab^uce: 11 mg (52 %) 

R f (Dichlormethan/Methanol, 8S ; 15): 



0.92 



Tff (Film); 



ny 



3433 (s, br, Sch) , 2971 (vs, br, Sch) , 

1703 (v») . 1507 im) , 1460 (s. Sch), 1383 
(ra, Sch). 12S4 (w). 1190 (w, br. Sch). 
1011 (w. br. Sch). 866 (w. br) . 729 (s) 

,-1 



cm 



US ( ? n/7Q eV) : m/e (%) 



. 423 (0.1 (M*l) . 323 (4). 168 
(100) . 85 (31) . 57 (67) . 
C23H37O4NS ber.:. 423.2443 far tM*1 

g«£.: 423.2410 



(89), 140 



Beiapiel 12 t 
Varbindung 7b 

s {0 . eo9 7-O-Ac.tyl-pothilon werden in 1 ml Methanol 

a.lft.t, mit 200 ,1 linn ammoniakalischen Methanol loaung (2 mmol 

Methanol) ver.et.t und Tag. b.i 50 -C geruhrt Zur 
Auf.rb.itung wird d*. Loeung.«ittel i« V.lcuum entfmt. Die Rex- 
nigung de. Rohprodukte. erfolgt mit Hilfe der praparativen 
Schichtchro-.togr.phie (Leuf.itt.1: Toluol /Methanol. 90 . 10). 

^ llyuta ; 3 mg (59 %) 

Rf (Dlchlormethen/Methanol. 90 : 10): o-« 



ny 



3441 (m. b. Sch). 2946 (•. Sch) . 1732 
(v.). 1600 (w). 1*51 (m). 1375 (■) . 1246 
b. Sch). 1013 (m. b. Sch) cm" 



(M«ch»nol) s lambdanui 



nm 
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mc (20/70 *V) • m/e (%) - 567 (1 [M*] ) , 465 (4). 422 (7), 388 

(5), 194 (5), 182 (7), 168 (65), 164 
(17), 140 (100), 97 (10), 71 (22), 43 
(27). 

Hnrhauflflsuno; C^oH^eOoNS ber. : S67.2866 fur (M*J 

gef.: 567.2849 



50 mg Epothilon A werden in 20 pi Dimeehylsulfoxid angelose und 
mic 30 ml Phoaphaepuf far (pH 7,1, 30 mM) verdunnt. Nach Zugabe 
von 5 mg Schwainelebereateraae (Fa. Boehringer Mannheim) wird 2 
Taga bai 30 *C garOhrt. Man sauert mic 2 N HCl auf pM 5 an und 
extrahiert dia Epothilonaaura 7 mic Ethylacetae. Dia organischa 
Phaaa wird mit Natriumaulfat gaerocknat, ira Vakuura zur Trockna 
eingadampf t . Auabeuta 48 mg (96 %) . 



Balspial 14 t 

48 mg Epothilonaaura 7 wardan in 6 ml THP aba. galfiat und untar 
ROhran mit 40 pi Triathylamin und IS nl 2 . 4 , 6 -Trichlorbanzoyl - 
chlorid varaatzt. Nach 15 min wird vom Niadarzchlag abfiltriart 
und innarhalb von 15 min untar achnallam RQhran in eina sicdenda 
Loaung von 20 mg 4-Oimathylaminopyridin in 200 ml Toluol aba. 
getropft. Nach waitaran 10 min wird, i« Vakuua aingedampft und 
dar Ruckatand zwiachan Bthylacatat/Citratpuffar (pH 4) vartailt. 
Oar tlndaapfrttckaxand dar organiachan Phaaa argibt nach prapara- 
civar KPLC Trannung 15 mg Epothilon A. 



WO 97/J90W - 22 - PCT/XP9V050SO 



Beifpiel 15: 

Epothilone C und D ale Auagangavarbindungen 

A. Produktionaatajnra und Kulturbedingungen entiprechend dan Epo- 
thilon Baaiapatent. 

B. Produktion mit OSM 6773 

75 1 Kultur warden wie im Baaiapatent baschrieben angazogen und 
zum Animpfen einee Produktionaf ermentera mit 700 1 
Produktionsmedium aus 0.8 % Stirke, 0.2 % Glukoee, 0.2 V 
Soyamahl, 0.2 % Hefeextrakt, 0.1 % CaCl 2 x 2H 2 0, 0.1 % MgS0 4 x 
7H 2 0, 8 mg/1 Fe-EDTA, pH » 7.4 und optional 15 1 Adaorberharz 
Amberlite XAD-16 verwendat. Dia Fermentation dauert 7-10 Tage 
bei 30 C, Belflftung mit 2m 3 Luft/h. Durch Raguliarung dar 
Drehxahl wird dar pOj bei 30 % gehalten. 

* 

C. Xaolieruag 

Das Adaorbarhars wird sit einem 0.7 ra 2 , 100 mesh PreseMilter 
von dar Kultur abgatrannt und durch Waschan mit 3 Battvolumen 
wa««ar/Mathanol 2:1 von polaran Baglaicstoff an befraic. Durch 
Elution mit 4 Battvoluman Mathanol wird ain Rohaxtrakt gawonnen. 
dar i vale, bia xua Auftratan dar Waaaarphaaa eingadampft wird. 
Diaaa wird draimal mit dam glaichan Voluman Ethylacatat 
axtrahiart. Eindampfan dar organiachan Phaaa ergibt 240 g 
Rohaxtrakt. dar zvischan Mathanol und Haptan varteilt wird. urn 
lipophila Baglaitatoffa atoautrannan. Aus dar Mathanolphaaa 
wardan durch Eindampfan i. Vak. 180 g Raffinat gawonnan. daa in 
drai Portionan ubar Saphadax LH-20 (Saula 20 x 100 cm. 20 mi/min 
Mathanol) fraktioniart wird. Dia Epothilona aind in dar mit 240 
- 300 min Ratantionatait aluiartan Fraktion von insgaaamt 72 g 
•nthalt.il. Zur Trannung dar Epothilona wird in drai *«t*>~» " 
Lichrosorb RP-18 (15 j». Saul. 10 x 40 cm. Laufmitt.l 180 ml/min 
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Methanol/Waaaar 65:35) chromatographies. Nach Epothilon A und B 

■ 

warden mit R t • 90-95 rain Epothilon C und 100*110 min Epothilon 
D eluiert und nach Eindampfen i. Vak. in einer Ausbeute von 
jeweils 0.3 g als farblose dla gewonnen. 

D • Phyaikalieche Eigenachaf ten 



i 

R 




Epothilon C R - H 
Epothilon D R - CH3 

Epothilon C 

C 2 6H 39 1I05S 1477 J 

ESI -MS: (pO«iCiv Ion«l») : 470.5 fur (M*Hl * 

1H und 13C sieho NMH*Tab«ll« 
0C:Rf - 0,02 

DC-Alufoli« «0 P 254 Morck, Laufmittal: Dichlorra«than/M«thanol - 

5:1 

D«c«ktiont UV-Loachung b«i 2S4 nm. AnsprOhan mic Vanillin-Schva- 

falaluxa-Raaganz, blau-graua Anfirbung bairn Erhitzan 
auf 120 *C. 

HPLC:Rt - XI. 5 min 

Siula: Wuclaoail X00 C-10 turn. 125 x 4 ram 
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Laufmittel: Methanol /Wa3ser - 65:35 
Flufl: lml /min 
Detection: Di odenarr ay 

Spothiloa D 

C27H41NO5S (491] 

ESI-MS: (po«itiv Ion«n) : 492, S fir [M+HJ * 

* 

1H und 13C siehe NMR-Tabelle 
DC:Rf • 0,82 

DC-Alufolie 60 F 254 Merck, Laufmittel: Dichlormethan/Methanol ■ 

9:1 

Detektion: UV-Lfiachung bei 254. nm. AnaprOhen mit Vanillin-Schw#- 

ffelalure-Reagenr, blau-graue Anfirbung beim Erhitzen 
auf 120 # C. 

HPLC:R t • IS. 3 min 

Slule: Nucleoail 100 C-18 7pm, 125 x 4 ran 
Laufmittel: Methanol /Waeaer - 65:35 
Fluft: lml /min 
Detection: Diodenarray 
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Tab#lln: l H-und 1 'C-NMR Dattn von Epothtlon C und F.pochilon o in 
[D<]DMSO b«i 300 MHZ 





Epoch! Ion C 






Epochilon 0 




H-Acora 


6 C- Atom ft 


6 


C-Accm 






i ***** ■ 


(DCS) 


(ppm) 




(ppm) 






1 170.3 




l 


170.1 


- HA 


2.30 


2 38.4 


2 .35 




3 9 Q 


I -HO 


2. SO 


3 71.2 


2 . 3ft 


n 

*«* 


7 0 ft 


I - H 


3.97 


4 53.1 


4. 10 


4 


5 3.2 


1 - OH 


3.12 


S 217.1 


5 .Oft 


5 


217 . 4 




3 .07 


$ 43.4 


3.11 


4 


44 . 4 


" • H 


3.49 


7 73.9 


3 .40 


7 


75 . 5 


r - On 


4.44 


0 35.4 


4.44 


ft 


36.3 


1 Lt 


1.34 


9 27. 6 


1.29 


9 


29.9 


'•111 


1.13 


10 30.0 


1.14 


10 


25.9 


p - no 


1.40 


11 27. € 


1. 3ft 


11 


31. 




1,13* 


12 124.4 


1.14* 


12 


133.3 




x.ai* 


13 133.1 


1.33* 


13 


120.3 




1.90 


14 31.1 


1.75 


14 


31. 6» 




2. It 


IS 7C.3 


2.10 


15 


74.6 


.*• 


S.38" 


14 137.3 




14 


137.2 


3-H 




17 119.1 


5.0ft 


17 


119.2 


4 -Ha 


2.33 


It' 132.1 


2.30 


1ft 


152.1 


.4 -Kb 


2.70 


19 117.7 


2.45 


19 


117.7 


3-K 


3.27 


20 164.2 


S • 29 


20 


1 C A 1 
1 O *% • J 


,7-H 


c.so 


21 lt.t 


6.51 


21 


18.9 


9-H 


7.33 


22 20. t 


7.33 


22 


19.7 


1-K, 


2.CS 


22 22. 6 


2.43 


33 


22.5 


2-K, 


0.M 


24 If. 7 


0.90 


24 


16.4 


3-H, 


X. 31 


25 It. 4 


1.19 


23 


18.4 


E4*H, 


1.0C 


27 14.2 


1.07 


24 


22.9 


IS-K, 


0.90 




0.91 


27 


14.1 


l«-K, 






1.63 


■ 




17-K, 


a. xo 




2.11 
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Beiipiel 15 i 

Epothilon A und 12 , 13 -Biaepi-epotMlon X aue Epothilon C 

50 mg Epothilon A warden in 1.5 ml Aceton geldst und mit 1.5 ml 
einer 0,07 molaren Lfisungvon Dimethyldioxiran in Acecon ver- 
setzt. Nach 6 Stunden Stehen bei Raurntemperacur wird i. Vak. 
eingedampfc und durch priparative HPLC an Kieselgel (Laufmittel 
Methyl -cert. butylether/Petrolether/Methanol 33:66:1) getrennt. 

Ausbeute : 

25 mg Epothilon A, R t - 3,5 min (analyt. HPLC, 7 pm, Siule 4 x 

250 mm/ Laufmittel a. o., PluS 1.5 ml/mln) 

und 

20 mg 12,13-Bi»«pi-«pochi.lon A. R t • 3.7 min, ESI-MS (p©«. 
Ionan) 

m/x - 494 (M*H)* 

1 H-NMR in [O4] Methanol, *u«g«- 

wthlt* Signal*: d«lt« • 4.32 

(3-H). 3.79 (7-H). 3. OS (12-H) . 
3.16 (13-H), S.54 (15-H). 6.69 

(17-H). 1.20 (22-H). 1.45 (23-H) . 



ft 




O OH O 



12,13-Bi««pi-«pothil© n A R • 
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Pat «n t anaprucha 



1. Epothilonderivat der Formal 1 



R 




1 



wobai R - H, C^-Alkyl; R 1 , R 2 - H, C x .$-Alkyl, C^-Acy!, 
Banzoyl, Ci-4-Trialkylailyl. Banxyl, Phanyl, Ci-g-Alkoxy- , C«- 
Alkyl-, Hydroxy- und halogansubatituiartaa Banxyl bxv. Phanyl; 
und as aich bai dan in dan Raatan anthaltanan Alkyl- bxw. Acyl- 
gruppan urn gradkattiga odar varxvaigca R#«ta handalt. und Y und 
Z antvadar glaich odar varachiadan aind und jawails far 
Waaaaratoff, Halogan, Paaudohalogan, OH, 0- (Ci.j) -Acyl, 0- (Ci. 
6 ) -Alkyl odar 0-Banxoyl atahan odar gamainaam daa O-Atora ainea 
Epoxida odar «ina dar C-C-Bindungan ainar C-C-Doppelbindung 
bildan, wobai Epothilon A und B auaganoman aind, 

2 . Epothilond«riv»t d«r foxmml 2 



WO97/190M PCT/EPW/OSMO 

- 23 " 




2 



Allcyl- . Hydroxy- und h.lo,.n.ub.titui.rt.. g* 1 ' 
w dan in den Rest an entheltenen AlJcyl- bxw. Acyi 

Z die Bedeutungen gemift Antprueh 1 beeitxen. 
3 . Epethilonderivat der Pormel 3 




3 
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wobei R ■ H, C 1 . 4 -Al)cyl; R 1 , R 2 - H, C l . 6 -Al , <yL, Ci.g-Acyl. 
Benzoyl, C 1 . 4 -Trialkylsilyl / Benzyl, Phenyl, Cx.g-Alkoxy- , Cg- 
Alkyl-, Hydroxy- und halogensubetituiertes Benzyl bzw. Phenyl; 
ea aich bei den in den Resten enthaltenen Alkyl- bzw. Acyl- 
gruppen urn gradketcige oder verzweigte Reste handelt, und X all- 
gemein fir -CIO)-, -C(S)-, -S(0)-, -CR X R 2 - und -SiRj- steht, wo- 
bei R, R 1 und R 2 die Bedeutung haben wie oben angegeben und R 1 
und R 2 auch zusammen eine Alkylengruppe mit 2 bis 6 Kohlenstof f - 
acomen bilden kfinnen; und Y und Z die Bedeutungen gemlS Anspruch 
1 besitzen. 



4. Epothilonderivat der Pormel 4 



OR' 0 

4 

vob«i R • H, c 1 . 4 -Alkyl« R 1 . r'# R 3 . R 4 » * 5 ■ H ' Ci^-Rlkyl. 

Cx.c-Acyl. 8«n»oyl. Cx. 4 -Trialkyl»ilyl, B«izyl, Phenyl. C x -6- 
Allcoxy-, C«-Alkyl-. Hydroxy- und halog«n«ub«titui«rte» Btnzyl 
bzw. Phanyl; «ich b«l d«n in d«n R««t«n enthaleenan AlJcyl- 
bxw. Acylgruppan urn gradk«ttig« odmx v«rxv«igt« R««t« handale, 

SauaraCOff. W» J . H-NR 4 R 5 . und H-NHCONR 4 R 5 badautat. vrobai dia 
Raata R 3 bi« R 5 dia ob«n angagabana Badautung haban und R und 
r' auch zuBvmmn aina AlJcylangruppa mit 2 bia C Kehlan»tof£- 
acooan bildaa konnanj und 

Y und Z dia Badaueungan gaaiS Anapruch 1 baiitzan. 
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5. Epothilonderivac der Formal 5 




5 

wobei R ■ H, ^.4-AlJcyl; R 1 , R 2 - H. Ci.g-Alkyl. Ci-g-Acyi. 
Benzoyl. C 1 . 4 -Trialkylsilyl. Benzyl. Phenyl. Cx-g-Alkoxy-. Cg- 
Alkyl-. Hydroxy- und halogensubztituiertee Benzyl bzw. Phenyl; 
es sichbei den in den Rescen enthaltenen Alkyl- bzw. Acyl- 
gruppen urn gradkeetige oder verzveigte Reeee handelt. und X 
Wee.erscoff. Ci.is-Alkyl. Ci.^-Acyl. . Benzyl. Benzoyl und Cinne 
moyi bedeutec und 

Y und Z die Bedeutungen gemift Anspruch 1 bezitzen. 
6 . Epochilonderivee der -Fonnel 6 




6 
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wobei R ■ H, C^-Alkyl und R x ■ H, Ci. c -Alkyl, Cj^g-Aeyl. 
Benzoyl. C l . 4 -Trial)cylsilyl, Benzyl, Phenyl, Cx-g-Alkoxy- , C s 
Alkyl-, Hydroxy- und halogensubstieuiertes Benzyl bzw. Phenyl 
ist; es sich bei den in den Reaeen enchalcenen Alkyl- bzw. 
Acylgruppen urn gradkeetige oder verzweigte Resce handelc; und 
Y und 2 die Bedeueungen gematt Anspruch 1 besiczen. 

7. Epothilonderivae der Formel 7 




OR* 0 



7 



wobei R - H. Cx-4-Alkyl und R 1 , R 2 . R » R 4 - H. C^.Alkyl. C x . 6 
-Acyl. Ben.oyl. d.a-Trialkyl.ilyl. B.n.yl. Phenyl, Ci.g-Alkoxy, 
C 6 -Alkyl«. Hydroxy- und h.logen»ub.tituiart.. Benxyl bzw. 
Phenyl; .ich bei den in den Re.ten enthaltenen Alkyl- bzw 
Acylgruppen urn gredlcettige oder verxweigte Re.te hand.lt; und 
Y und Z di. Bedeueungen gemtS An^ruch 1 be.itzen. 

8. vrf^m ~r H.r.fllung .in.. Bpothilond.riv.t. der M 
7 g.rJft A^prueh 7. dadurch g.*en...iefa.ee, daS man Epoch! Ion A. 
Epothilon B, tin 3-0H-g..chut.te . Derive der.elben oder ein 7- 
OH-ge*chutxt.« Derivae dereelben 
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(a , enxymatisch hydrolysiert. insbesondere mit einer Esterase 

oder Lipase, oder 
b) i„ al>calische« Medium hydrolysiert, insbesondere «at 



und da, U»il=nderiv,t d.r Forn-1 7 3 «innt und LoU.rt . 



, v.rfahr.n «ur H.r.c.Uun, ain.a E pothilond.riv.t. d.r Formal 
I.\.«™»h 2 dadureh ,a*aM«aletoae, dafl. man am 

dee verfahrene geaftfi Ansprueh 8 

(e) nach der Yamaguchi-Methode oder 

<b> nach der Corey-Methode oder 

Omwandlungeprodukt isoliert. 

, M«r.tellun<J von Epothilon A und/oder 12.13- 
10 . Verf ahren xur Her.tellung vo ^ Epothilon C 

Peraiure. 

u-^-r-lluna von Epothilon B und/oder 12,13- 

Persiure . 

ch. =d« dW «-* «" *""nd/£r varLnunga-iital «». . 
od.r «hr«« ttllehan Tx»9.r(»» «»d/od.r 

««r.P«ti.ch.. Ml«.l. ^•t"**" ^Tr'vt»i»d«n9« 

s=ar=i - ry= " - 
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mehrerer der Verbindungen nach einera oder mehreren der Anspruche 
1 bit 7 neben cinem oder mehreren ublichen Tr*ger(n) und/oder 
Verdilnnungsmittel (n) . 
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LONE DERIVATIVES, PREPARATION AND USE 



The present invention concerns general epothilone derivatives and their use for the produc- 
tion of drugs. Especially, the present invention is concerned with the preparation of 
epothilone derivatives according to the general Formulas 1 to 7 given below, as well as with 
their use for the production of therapeutic agents and agents for plant protection. 
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la the above Formulas 1 to 7, the symbols have the following meanings: 
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r = h, C M -alkyl; 

R l , R\ R 3 , R 4 , R 5 = H, C^-allcyl, 

C^-acyl-benzoyl, 

C M -trialkylsilyl f 

benzyl, 

phenyl, 

* 

C^-alkoxy-, 

C 6 -alkyl-, hydroxy and halogen-substituted benzyl or phenyl; 
also, two of the groups R 1 io R 5 may be combined to form the grouping -(CH^- with n = 1 
to 6 and the alkyl or acyl groups contained in the groups are either straight-chain or branched 

groups; 

Y and Z are either identical or different and can stand for hydrogen, halogens, such as F, 
d, Br or I, pseudohalogens, such as -NCO, -NCS or -N„ OH, (MC.^-acyl, CKC^alkyl, 
O-benzoyl. Y and Z can also be the O-atom of an epoxide, in which case, epothilone A and 
B are not claimed, or one of the C-C bonds can form a C=C double bond. 

In Formula 3, X generally stands for -C(OK -C(SK -S(OK -CR'R*-. where R l and R* have 
mM nina riven above and -SiR,-, where R has the meaning given above. 



In Formula 4, X stands for oxygen, NOR', N-NR R', and N-NHCONR'K', wnere me 
groups R 1 to R 5 have the meaning given above. 

In Formula 5. X stands for hydrogen, C M .-alkyl, C,. ir acyl. benzyl, benzoyl and cinnamoyl. 

With regard to epothilone A and B, let us refer to DE-A-U 38 042. Compounds according 
to general Formula 1 are accessible starting from epothilone A and B, as well as from the* 
3-0- and/or 7-O-protected derivatives by opening the 12.13Hepoxide. When hydrogen halide 
are used for this purpose in a preferred nonaqueous solvent, the halohydrins X - Hal, Y = 
OH and Y - OH. Y - Hal are obtained. Protonic acids, for example, toluenesulfomc acid 

. f ... ^ _ «~ «<» »k» nmeanm of water aixl then these are 
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acylated subsequently according to standard methods (for example, with carboxylic acid 
anhydrides and pyridine or triethylamine/DMAP) or are alkylated (alkyl halides and silver 
oxide). For this purpose, the 3- and 7-hydroxy groups can be protected temporarily as the 
formate (cleaved with NH 3 /MeOH) or p-methoxybenzyi ether (cleaved with DDQ). 

Compounds according to general Formula 2 are obtainable from epothilone A and B as well 
as from their 3-0- and/or 7-O-protected derivatives by reduction, for example, with NaBH* 
in methanol. If the 3-OH and/or 7-OH groups are protected reversibly during this process, 
after acylation or alkylation, and removal of the protecting groups, 5-0-moncsubstituted, 3,5^ 
or 5,7-O-disubstituted derivatives according to general Formula 2 can be obtained. 

Reactions of epothilone A and B with bifunctional electrophilic reagents, such as (thio)phos- 
gene, (thio)carbonyldimidazole [sic], thionyl chloride or dialkylsilyl dichlorides or bistriflates 
give compounds having general Formula 3. The bases used as aids here can be pyridine, 
trialkylamine, optionally together with DMAP or 2,6-lutidine in an aprotic solvent. The 3,7- 
acetals having general Formula 3 are formed by transacetalization, for example, of dimethyl- 
acetals, in the presence of an acidic catalyst. 

Compounds according to general Formula 4. obtained from epothilone A and B or from 
their 3-0- and/or 7-O-protected derivatives by oionolysis and reductive processing, for 
example, with dimethyl sulfide. The C-16 ketones can then be converted to the oximes, 
hydrazones or semicarbazones according to standard methods known to the expert in the 
field. Furthermore, they are converted into C-16/C-17 olefins by the Wittig, Wittig-Homer, 
Julia or Petersen olefination method. 

The 16-hydroxy derivatives according to general Formula 5 are obtainable by reduction of 
the C-16 keto group, for example, with aluminum hydride or borohydride. When the 3-OH 
and 7-OH groups are protected correspondingly, they can be acylated or alkylated selective- 
ly. The liberation of the 3-OH- and 7-OH groups is done, for example, with NH^MeOH in 
the case of O-fonnyl and with DDQ in the case of O-p-methoxybenzyl. 
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The compounds having general Formula 6 are obtained from derivatives of epothilone A and 
B in which the 7-OH group is protected by acyl or ether groups, in which the 3-OH group 
is, for example, fonnylated, mesylated or tosylated and then eliminated by treatment with a 
base, for example, DBU. The 7-OH group can be liberated as described above. 

Compounds having general Formula 7 are obtained from epothilone A and B or from their 
3-OH- and 7-OH-protected derivatives by basic hydrolysis, for example, with NaOH in 
MeOH or MeOH/ water. Preferably, the compounds having general Formula 7 are obtained 
from epothilone A or B or from their 3-OH- or 7-OH-protected derivatives by enzymatic 
hydrolysis, preferably with esterases or lipases. The carboxyl group can be converted into 
the ester by alkyiation with diazoalkanes after protection of the 19-OH group. 

Furthermore, compounds having. Formula 7 can be converted into the compound having 
Formula 2 by lactonization according to the methods of Yamagucbi 
chloride/DMAP). Corey (aldritool/triphenylphospnine) or Kellogg (omega-bromic ac- 
id/cesium carbonate). The corresponding methods can be found in Inanaga et al. in Bull. 
Chem. Sec. Japan. 52 (1979) 1989; Corey & Nicolaou in J. Am. Chem. Soc., 96 (1974) 
5614; and Kruizinga & Kellogg in J. Am. Chem. Soc., 103 (1981) 5183. 

In order to prepare the compounds according to the invention, one can also start from 
epothilone C or D, and the derivatization methods described above can be used for derivati- 
zation here, too. The 12, double bond can be hydrogenated selectively, for example, 
catalytically or with diimine; or it can be epoxidized, for example, with dimethyldipxiran or 
■ t»> .a.„.^ SfiM rh* Hihaiides. dmseudohalides or diazides. 




Furthermore, the invention is concerned with means for plant protection 
forestry and/or gardening, consisting of one or several of the epothilone 
above or consisting of one or several of the epothilone derivatives descri 
addition to one or several of the usual carriers) and/or diluents). 



Finally, the invention is concerned with therapeutic agents, consisting of 
the compounds listed above or of one. or several of the compounds listed 
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one or several of the usual carriers) and/or diluent(s). These agents can exhibit especially 
cytotoxic activities and/or cause immunosuppression and/or can be used for combatting 
malignant tumors, but they can especially preferably be used as cytostatic agents. 

The invention is explained further and described by the description of a few selected practical 
examples. 

Examples 

Translator's note: In the infrared spectra in the examples, the general English abbrevi- 
ations are used, s f m, w, vs, b, etc M except for Sch = shoulder and ny = v (nu) 
Also, the abbreviation lg stands for log. 

■ 

Example 1: 
Compound la 

20 mg (0.041 mmole) of epothilone A is dissolved in 1 mL of acetone, with 50 nL (0.649 
mmole) of trifluoroacetic acid is added and the mixture is stirred overnight at 50°C. For 
work-up, the reaction mixture is treated with I M pH 7 phosphate buffer and the aqueous 
phase is extracted four times with ethyl acetate. The combined organic phases are washed 
with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer- 
chromatography (solvent: dichloromethane/acetone, 85:15). 

Yield: 4 mg (19%) isomer I 
4 mg (19%) isomer II 

* 

Isomer I 



SST ^T ^3440 (», b. Sch), 294 6 (., ?<*> • «4 

(y«). 1686 (m). 1456 <m>. "75 (w) , 125* 



(•-. Sch), 1190 (V, b. Sch), 1071 («, 
Sch)* 884 (w), 735 (w) cm' . 

. 493 (43 CM-H 2 On . 394 (47) , 306 (32) , 
206 (30), 181 (40), 166 (72), 139 (W0). 
113 (19), 71 (19), 57 (24), 43 (24). 

10 
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High resolution : CmHjjO^S calculated: 493.2498 for [M-Hjd] 4, 

found: 493.2478 

Isomer II 

R, rdichloro methane/a cetone. 85:15) : 0.22 

IR (Film) ! ny - 3484 (S, b, Sch) , 2942 (vs, Sch) , 1727 

(vs) , 1S70 (w) , 1456 (m) . 1380 (m) , 1265 
(s) , 1190 (w) , 1QS9 (m) , 975 (w) , cm" 1 . 

MS (20/70 aV) : m/e (%) - 493 (21 (M-H 2 0)+), 394 (12), 306 (46), 

206 (37), 181 (63), 166 (99), 139 (100), 
113 (21), 71 (23), S7 (33), 43 (28). 

High resolution : Q^O^NS calculated: 493.2498 for [M-H 2 0] + 

found: 493.2475 

Example 2: 
Compound lb 

Epothilone A, 55 rag (0.111 mmole), is dissolved in 0.5 mL of tetrahydrofuran, 0.S[sic] mL 
of 1 N hydrochloric acid is added and the mixture is stirred for 30 minutes at room tempera- 
ture. Then 1 N phosphate buffer of pH 7 is added and the aqueous phase is extracted, four 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done with the aid of preparative layer chromatography (solvent: 
dicWoromethane/methanol, 90:10). Yield: 19mg(32%). 
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R, (dichlorom^at^/Tn^hnnnl 00- 1 0V Q.46 



ir (Pilm) ; ny - 3441 (s, br, Sch) , 2948 (a, Sch) , 1725 

(vs, Sch), 1462 (a), 1281 (w) , 1265 (m) , 
1154 (w), 972 (m, br, Sch) cm" 1 . 

UV (Methanol) ; lambda^ (lg epsilon) - 210 (4.29), 248 (4.11) 
nm. 

MS (20/70 eV) ; ra/« {%) - 529 (13 [M+] ) , 494 (10), 342 (38), 306 

(23), 194 (32), 164 (100), 140 (31), 113 
(15), 57 (16). 




CmH^CINS calculated: 529.2265 for [M + ], 

found; 529.2280 



Example 3: 
Compound lc 

1 2-Chloro- 1 3 -hydroxy-epothilone A (lb), 25 mg (0.047 mmolc), is dissolved in 1 mL of 
dichlorome thane , and then 29 mg (0.235 mmole) of dimethylaminopyridine, 151 nL (1.081 
mmole) of triethylamine and 20 pL (0.517 mmole) of 98% formic acid are added. The 
reaction mixture is cooled with ice/sodium chloride. After reaching -15°C, 40 fiL (0.423 
mmole) of acetic anhydride is added to the reaction mixture, followed by stirring for 70 
minutes at -15°C. Since the thin-layer chromatogram did not show complete conversion, 
another 6 mg (0.047 mmole) of dimemylaniinopvridine. 7 pL (0.047 mmole) of triemyl- 
amine, 2 mL of 98* formic acid (0.047 mmole) and 4 pL (0.047 mmole) of acetic anhydride 
are added to the reaction mixture, followed by stirring for 60 minutes. For work-up. the 
reaction mixture is heated to room teniperature, 1 M phosphate buffer wim pH 7 
and the aqueous phase is extracted four times with ethyl acetate. The combined organic 
phases are washed with saturated sodium chloride solution, dried over sodium sulfate and the 
solvent is removed. The purification of the crude product is done with the aid of preparauve 
i^., rhmmatomohv fsolvent dichloromethane/acetone, 90: 10). Yield: 5mg(18%). 
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R, roicMor^ nVpfl? "A cetone. 90-10'> : 0.67 
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IR (Film) t ny - 3497 (w, b, Sch) , 2940 (s, b, Sch) , 1725 

(vs) , 1468 (m, b, Sch), 1379 (m) , 1265 
(s), 1253 (s), 1175 (vs) , 972 (m, b, 
Sch) , 737 (s) era" 1 

MS (20/70 eV) : m/e (%) - 613 (9 .[M+] ) , 567 (43), 472 (63), 382 

(23), 3S2 (21), 164 (100), 151 (33), 96 
(31), 69 (17), 44 (26). 



Hiyh resolution : CmH^ANSCI calculation: 613.2112 for [NT] 

found: 613.2131 

Example 4: 
Compound Id 

10 mg (0.020 mmole) of epothilone B is dissolved in 0.S mL of tetrahydrofuran, then 0.5 
mL of 1 N hydrochloric acid is added and the mixture stirred for 30 minutes at room 
temperature. Then 1 M phosphate buffer at pH 7 is added and the aqueous phase is 
extracted 4 times with ethyl acetate. The combined organic phases are washed with saturated 
sodium chloride solution, dried over sodium sulfate and freed from solvent. The purification 
of the crude product is done with the aid of preparative layer chromatography (solvent: 
dichloromethane/acetone, 85:15). 
Yield: 1 mg (9%) 

mo r,rt/7Q mV>, m/% (%) - 543 (3 CM*] ) # S07 (14), 320 (19), 234 

(9), 194 (17), 182 (23), 1«4 (100), 140 
(22), 113 (14), 71 (13). 
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High resolution: C^ANSCl 



calculated: 
found: 



543.2421 for [M*] 
543.2405 



Example 5: 
Compound 2a 

Epothilone A, 100 mg (0.203 mmole), is dissolved in 4 mL of tetrahydrofuran/ 1 M phos- 
phate buffer, pH 7 (1:1) and sodium borohydride (150 mg = 3.965 mmole) is added until 
the thin-layer chromatogram shows that the starting material reacted completely. Then the 
mixture is diluted with 1 M phosphate buffer, pH 7 and the aqueous phase is extracted four 

m 

times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification of 
the crude product is done by silica gel chromatography (solvent: dichloromethane/ acetone, 
95:5 - in 5 steps to dichloromethane/acetone v 85:15). 
Yield: (20%) 

« 

B T roichlorop ethane/acetnnc. 75:251: 0.27 



IR (Film) 



ny 



flfl 00/70 eV) ; m/ 



Hig h feso^rio^ QAi 



3413 (s, b, Sch), 2965 (v», Sch) , 1734 
(v»); 1458 (ra, b, Sch), 1383 (rn, Sch), 
1364 (a, b, Sch), 1184 (m, b, Sch), 1059 
(», Sch), 956 (s), 885 (w) , 737 (m) cm' 1 

(%) - 495 (6 [M*]), 477 (8), 452 (12), 394 
(9), 354 (16), 306 (49), 194 (19) , 178 
(35), 164 (100) , 140 (40), 83 (21) , 55 
(27) . 

calculated: 495 2655 for [M*] 
found: 495.2623 



Example 6: 

Compound 3a-d (a-d are stereoisomers) 

Epothilone, 100 mg (0.203 mmole) is dissolved in 3 mL of pyridine, with 50 tiL (0.686 
„f thionvl chloride added and the mature is stirred for 15 minutes at room temp 
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ture. Then, 1 M phosphate buffer, pH 7, is added and the aqueous phase is extracted foui 
times with ethyl acetate. The combined organic phases are washed with saturated sodium 
chloride solution, dried over sodium sulfate and the solvent is removed. The purification 
the crude product and separation of the four stereoisomers 3a-d is done with the aid of 
preparative layer chromatography (solvent: toluene/methanol, 90:10). 

Compound 3a 

Yield : 4 mg (12%) 

& fmluene/me thanol. 90:10): 0.50 




ny 




no 



2961 (m. b, Sch), 1742 (vs) , 1701 (vs) . 
1465 (ra, Sch), 1389 (m, Sch), 1238 (s, 
Sch), 1210 (vs, Sch), 1011 (3, Sch), 9S7 

(s, b, Sch), 808 (ra, Sch), 768 (s, Sch) 
(lg epsilon) - 210 (4.50), 248 (4.35) 




m/e (%) 



. 539 (40 [M*1 ) , 457 (22), 362 (16), 316 
(27), 222 (30), 178 (30), 164 (100), 151 
(43) , 96 (38), 69 (29), SS (28), 43 (20). 



ffi gh resolution : C^ANS, calculated: 539.2011 for [NH 

* 

Compound 3b 
Yield : I4mg(13%) 
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R. ftnluene/me thanol. 90:10): 0.44 

IR (Film) ; ny - 2963 (s, br, Sch) , 1740 (vs) , 1703 (s) , 

1510 (w), 1464 (m, br, Sch), 1389 (ra, 

Sch), 1240 (s, br, Sch), 1142 (ra) , 1076 

(w), 1037 (w), 1003 (n), 945 (s, br, 
Sch) , 806 (ra, Sch) , 775 (s) , 737 (ra) cm" 



rrv ( Methanol ) t lambda^,, (If epsilen) - 211 (4,16), 250 (4.08) 
run. 

» 

MS f 20/70 aV) t m/e (%) - 539 (27 [M+l ) , 475 (17), 322 (41), 306 

(67), 222 (16), 206 (17), 194 (19) , 178 
(32), 164 (100), 151 (33), 125 (18), 113 
(IS), 96 (39), 81 (23), 64 (58), 57 (42), 
41 (19). 

jjgfi resolution : CmHjANS, calculated: 539.2011 for [M*] 

found: 539.1998 



Compound 3c 

Yield : 4 mg (4%) 

P r ftflhiene/me fhanol. 90:10V 0.38 




m/« (%) - 539 (51 [M*l ) , 322 (22), 306 (53), 222 

(36) , 178 (31) , 164 (100) , 151 (41) , 96 
(25), 81 (20), 69 (26), 55 (25). 41 (25). 



HighjssoJutifln: C^^OrNS, calculated: 539.2011 for [M-] 

found: 539.2001 
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Compound 3d 

Yield : 1 mg (1%) 



R, (tolucne/nrc thannl. QOrlOV 0.33 

MS '20/70 ftV) ; m/e (%) - 539 (69 (M+l), 322 (35), 306 (51) , 222 

(41), 173 (31), 164 (100), 151 (46), 96 
(31), 81 (26), 69 (34), 55 (33), 41 (35) 



High resolution : CjjET^Nj 



calculated: 
found: 



539.2011 for [M*] 
539.1997 



Example 7: 

4 

Compound 4a 

Epothilone A, 10 mg (0.020 mmole), is dissolved in 2 mL of dichlorome tnane, cooled to 
-70°C and then treated with ozone for 5 minutes until a weak blue coloration develops. Tb 
resulting reaction mixture is then treated with 0.5 mL of dimethyl sulfide and heated to roo 
temperature. In the work-up, the solvent is removed from the reaction mixture and finally 
the product is purified with preparative layer chromatography (solvent dichloromethane/ace- 
tone/ methanol, 85:10:5). 



Yield : 5 mg (64%) 





ny 





m/m (%) 



I. 85:10:5> : 0.61 

3468 (s, br, Sen), 2947 (s, br, Sen) , 
1734 (v«, Sch), 1458 (w) , 1380 (w) , 1267 
(w), 1157 (w), 1080 (w), 982 (w) en* 1 . 

(lg ep«ilon) - 202 (3.53) nm. 



• 398 

(17), 
(34), 
(SO) . 



(2 [H*] ) , 380 (4), 267 (14), 249 
211 (20), 193 (26), 171 (34), 139 
111 (40), 96 (100), 71 (48), 43 
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C^HySh calculated: 398.2305 for [M + ] 

found: 398.2295 



Example 8: 
Compound 6a 

3 J-Di-O-formyl-epothilone A, 10 mg (0.018 mmole), is dissolved in 1 mL of dichlorometh- 
ane, 27 (0.180 mmole) of l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred at room temperature for 60 minutes. 

For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4 5 and the aqueous phase is extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent is removed. After elimination of the solvent, the resulting crude product is 
dissolved in 1 mL of methanol, treated with 200 /iL of ammoniacal methanol solution (2 
mmole of NHj/mL of methanol) and stirred overnight at room temperature. For work-up, 
the solvent is removed in vacuum. 



ield: 4mg(22%) 




ny 




3445 (v, br, Sch), 2950 (vs, br, Sch) , 

1717 (v«, Sch), 1644 (w>, 1466 (m, Sch), 

1370 (m, SCh), 1267 (s, br, Sch),- 1179 

(i, SCh), 984 (S, SCh), 860 (w), 733 (»> 

CO ^ 



• latahd^ (If ep.ilon) - 210 (4.16) nm 




(%) . 475 (28 [M*l ) « 380 (21), 322 (37), 318 
(40), 304 (66), 178 (31), 166 (100), 151 
(29), 140 (19), 96 (38), 81 (20), 57 
(26). 
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calculated: 475.2392 for [M + ] 
found: 475.2384 



Example 9: 
Compound 6b 

3,7-Di-O-formyl-epothilone A, 50 mg (0.091 mmole), is dissolved in 1 mL of dichloroeth- 
ane, 2 mL (0.013 mole) of l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) is added and the 
mixture stirred for 12 hours at 90°C. 



For work-up, the reaction mixture is treated with 1 M sodium dihydrogen phosphate buffer, 
pH 4.5, and the aqueous phase extracted four times with ethyl acetate. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sulfate 
and the solvent removed. The purification of the crude product, which consists of two com- 
pounds, is done with the aid of preparative layer chromatography (solvent: dichloromethane- 
/acetone, 90:10). 



XifJd: 7mg(15%) 



Substance code 
P |f (pjchloromethi 



ny 



2951 (ra, br, Sch), 1723 (v») , 1644 (w, 
br. Sch), 1468 (v), 1377 (w) , 1271 (m, 
br, Sch), 1179 (3), 967 (m, br, Sch), 735 
(w, br, Sch) cm 



-1 





lanbdaaax d9 epsilon) - 210 (4.44) run. 

*/• (%) - 503 (68 (M+1), 408 (58), 390 (32). 334 

(25) , 316 (34) , 220 (21) , 206 (27) , 194 
(20), 181 (33), 164 (100), 1S1 (34), 139 
(28), 113 (20), 96 (82), 81 (33) , 67 
(24), 55 (26), 43 (22). 
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: CnHjANS 



calculated: 503.2342 for [M*] 
found: 503.2303 



Example 10: 
Compound 6c 

3,7-Di-O-acetyl-epothilone, 5 mg (0.009 mmole), is dissolved in 1 mL of methanol, 150 nL 
of an ammo niacal methanol solution (2 mmole of NHj/mL of methanol) is added and the 
mixture stirred overnight at 50°C, 



For work-up, the solvent is removed in vacuum and the crade product is purified with the aid 
of preparative layer chromatography (solvent: toluene/methanol, 90:10). 

Yield : 3 mg (67%) 




ne/acetone. 90: 10): 0.55 



IB (Film) 



ny 



2934 (3, b, Sch), 1719 (vs, b, Sch) . 1641 
(m) , 1460 (m, Sch), 1372 (s, Sch), 1237 
(vs, b, Sch), 1179 (s, Sch), 1020 (s) , 
963 (s, Sch), 737 (vs) cm" 1 . 



lajnbd&fl ym 



210 (4.33) nm. 



mc t?n/70 «V)t */• (%) - 517 (57 [M+] ) , 422 (58), 318 (31), 194 

(20), 181 (34), 166 (100), 151 (31) , 96 
(96), 81 (32), 69 (27) , 55 (29), 43 (69). 

High resolution: QAANS calculated: 517.2498 for [M*] 

• found 517.2492 



Example 11: 
Compound 7a 

Epothilone. 20 mg (0.041 mmole), is dissolved in 0.5 mL of methanol, 
^ 5 ,. m hvdroxide is added and the mixture stirred for 5 minutes at roc 
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For work-up, the reaction mixture is treated with 1 M phosphate buffer, pH 7, and the 
aqueous phase is extracted four times with ethyl acetate. The combined organic phases are 
washed with saturated sodium chloride solution, dried over sodium sulfate and the solvent is 
removed. The purification of the crude product is done with the aid of preparative layer 
chromatography. (Solvent: dichloromethane/methanol, 85:15). 

Yield : llmg(52%) 

oi. E5:15Y 0.92 

IR (Film) ! ny ■ 3438 (s, br, Sch) , 2971 (vs, br, Sch) , 

1703 (vs) , 1507 (m) , 1460 (3, Sch) , 1383 

(m, Sch), 1254 (v), 1190 (v, br, Sch), 
1011 (w, br, Sch) , 866 (w, br) , 729 (s) 
cm" 1 

■ 

MS f 20/70 gV) ■ m/e (%) - 423 (0.1 [M*] ) , 323 (4). 168 (89), 140 

(100) , 85 (31) , 57 (67) . 

< 

CaH„0 4 NS calculated: 423.2443 for [M*] 

found: 423.2410 




Example 12: 
Compound 7b 

5 mg (0.009 ramole) of 7-Oacetyl-«pothilone is dissolved in 1 mL of methanol 
an ammoniacal methanol solution (2 mmole of NH,/mL of methanol) is added 
mixture is stirred for 2 days at 50*C. For work-up, the solvent is removed in 
purification of the crude product is done with the aid of preparative layer chroi 
(solvent: toluene/methanol, 90:10). 

XieJd: 3mg(59%) 
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R, fbichloromeflyne/ni^^|- 00- my 0.63 

TB (Film) ; ny • 3441 (m, b, Sch), 2946 <s, Sch), 1732 

(vs) , 1600 (w) , 1451 (m) , 1375 (m) , 1246 
(s, b, Sch) , 1013 (m, b, Sch) cm" 1 

ttv fM^ehanol) ; lambda^ (lg epsilon) - 211 (3.75), 247 (3.59) 
nm. 

mq f 90/70 #V) ; m/ft (%) - 567 (1 [M*l ) , 465 (4), 422 (7), 338 

(5), 194 (5), 182 (7), 168 (65), 164 
(17), 140 (100), 97 (10), 71 (22), 43 

(27). 

■ 

High resolution : C^H«ANS calculated: 567.2866 for [M*] 

found: 567.2849 



Example 13: 

Epothilone A, 50 mg, is dissolved in 20 itL of dimethyl sulfoxide and ducted with 30 mL of 
phosphate buffer (pH 7. 1, 30 mM). After addition of 5 mg of pig liver esterase (Boehringer 
M annhe im), the mixture is stirred for 2 days at 30°C. It is acidified with 2 N HC1 to pH 5 
and the epothilonic acid 7 is extracted with ethyl acetate. The organic phase is dried with 
sodium sulfate and evaporated to dryness in vacuum. Yield 48 mg (96%). 

* 

Example 14: 

Epothilonic acid 7, 48 mg, is dissolved in 6 mL of absolute THF and 40 jiL of triemylamine 
and 16 /*L of 2.4,6-tricUorobenzoyl chloride are added under stirring. After 15 minutes, the 
precipitate is filtered off and, within 15 minutes, under rapid stirring, it is added dropwise to 
a boiling solution of 20 mg of 4^mylanunopyridine in 200 mL of absolute toluene. 
After another 10 minutet, the mixture is evaporated in vacuum and the residue is partitioned 
between ethyl acetate/citrate buffer (pH 4). The evaporation residue of the organic phase 
-iv- 1 « m» of eoothilone A after preparative HPLC separation. 
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Example 15: 

Epothilone C and D as starting compounds 

A. Production stock and culture conditions corresponding to the basic epothilone patent 



B. Production with DSM 6773 

A culture, 75 L, is raised as described in the basic patent and was used for inoculating a 
production fermenter with 700 L of production medium consisting of 0.8% starch, 0.2% 
glucose, 0.2% soy meal, 0.2% yeast extract, 0.1% CaCl 2 2HA 0.1% MgSO^HjO, 8 
mg/L of Fe-EDTA, pH = 7.4 and optionally 15 L of adsorbent resin Amberlite XAD-16. 
The fermentation takes 7-10 days at 30°C, aeration with 2 m 3 of air/hour. The p0 2 is kept 
at 30% by adjusting the rate of rotation. 

C. Isolation 

The adsorber resin is separated from the culture with a 0.7 nr\ 100 mesh process filter and 
the polar accompanying substance is removed from it by washing with 3 bed volumes of 
water/methanol 2:1. Upon elution with 4 bed volumes of methanol, a crude extract is 

which is evaporated in vacuum until the appearance of the water phase. This is 
three times with the same volume of ethyl acetate. Evaporation of the organic 
es 240 g of crude extract, which is partitioned between methanol and heptane in 
•emove any lipophilic accompanying substances. Thus, 180 g of raffinate is 
from the methanol phase by evaporation in vacuum; this is fractionated into three 
™- on Sephadex LH-20 (volume 20 x 100 cm. 20 mUmin methanol). The epothilones 
are contained in the fraction eluted with a retention time of 240-300 minutes, a total amount 
of 72 g being obtained. To separate the epothilones. the product is chromatographed in three 
portions on Lichrosorb RP-18 (15 W column 10 x 40 cm. solvent 180 mUnunute metha. 
«r 65:35). After epothilone A and B. epothilone C is eluted with minutes 
and epothilone D with 1(XM 10 minutes and after evaporation in vacuum, they ai 
« rnioriesa oils, each in an amount of 0.3 g. 




obtained 
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D. Physical properties 



R 




Epothilone C R = H 
Epothilone D R a CR} 

Epothilone C 
CmHjjNOjS [477] 

ESI-MS: (positive ions): 478.5 for [M+HT 

■ 

>H and l5 C see NMR table 
TLC: Rf - 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dicblotomethane/methanol = 9:1 

Detection: UV extinguishing at 254 nm. Spraying with vanillm-sulfuric acid reagent, 

blue-gray coloration upon heating to 120°C. 

HPLC: R,: 11.5 min 

Column: Nucleosil 100 C-18 7/un, 125 x 4 mm 
Solvent: methanol/water ■ 65:35 
Flow rate: 1 mL/min 
Detection: diode array 



WO 97/19086 PCT/EP96/05080 

Epothilone D 

C 27 H 41 N05S [491] 

ESI-MS: (positive ions):- 492.5 for [M+H]* 
'H and ,3 C, see NMR table 
TLC: Rf = 0.82 

TLC-aluminum foil 60 F 254 Merck, solvent: dichloromethane/methanol = 9:1 

Detection: UV extinguishing at 254 nm. Spraying with vanillin-sulfuric acid reagent, 

blue-gray coloration upon heating to 120°C. 

♦ 

HPLC: R, = 15.3 min 

Column: NucleosU 100 C-18 7/un, 125 x 4 mm 
Solvent: methanol/water * 65:35 
Flow rate: 1 mL/min 
Detection: diode array 
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Table: 'H and l3 C-NMR data of epothilone C and epotbilone D in [D 6 DMSO at 300 MHz 



Epothilone C 



H- Atom 


5 


C-Atom 


6 




(ppm) 




(ppm) 








170 3 


2 -Ha 


2.38 


2 


38.4 


2-Hb 


2. SO 


3 


71.2 


3-H 


3.97 


4 


S3.1 


3 -OR 


5.12 


5 


217.1 


6-H 


3.07 


6 


45.4 


7-H 


3.49 


7 


75.9 


7 -OH 


4.44 


8 


35.4 


3-H 


1.34 


9 


27.6 


9-Ha 


1.15 


10 


30.0 


9-Hb 


1.40 


11 


27.6 


10 -HA 


1.15* 


12 


124.6 


10 -Hb 


1.35* 


13 


133.1 


ii-Ha 


1.90 


14 


31.1 


11 -Hb 


2 .18 


IS 




12 -H 


5.38*» 


16 . 


1 • J 


13-H 


5.44»* 




119.1 


14 -Ha 


2 .39 


11 


1S3.1 


14-Kb 


2 . /O 


19 


117.7 


1S-H 


5 .27 




164.2 


17-H 


6.50 


21 


18.8 


19-H 


7. 35 


22 


20.8 


21-Kj 


2.65 


23 


22.6 


22-H| 


0.94 


24 


1«.7 


23 -Hj 


1.21 


25 


18.4 


24-H, 


1.0* 


27 


14.2 


25-H,, 


0.90 






26-K, 








27-H, 


2.10 







Epothilone D 
(ppn) 



C-Acora 



2.35 

2.38 

4.10 

5.08 

3.11 

3.48 

4.46 

1.29 

1.14 

1.38 

1-.14* 

1.3S» 

1.75 

2.10 

5.08 

2.30 

2.65 

5.29 

6.51 

7.35 

2.6S 

0.90 

1.19 

1.07 

0.91 
1.63 
2.11 



2 
3 
« 
5 
6 
7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



6 

(ppa) 
170.1 
39.0 

70. a 

53 .2 
217.4 
44.4 
75.5 
36.3 
29.9 
25.9 
31.8* 
138.3 
120.3 
31.6* 
76.6 

137.2 
119.2 
152.1 
117.7 

164.3 
18.9 
19.7 

22. 5 
16.4 
18.4 
22.9 
14.1 



*, Assi gn ment interchangeable. 
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■ 

Example 15: [This should be Example 16] 

Epothilone A and 12,13-biseptepothilone A from epotbilone C 

Epothilone A, SO mg, is dissolved in 1.5 mL of acetone and 1.5 mL of a 0.07 molar solution 
of dimethyldioxiran in acetone is added. After standing for 6 hours at room temperature, it 
is evaporated in vacuum and separated by preparative HPLC on silica gel (solvent: methyl- 
tert.butyl ether/petroleum ether/methanol 33:66:1). 

Yield: 

25 mg epothilone A, R, '=» 3.5 min (analyt. HPLC, 7 urn, column 4 x 250 mm, solvent see 

above, flow rate 1.5 mL/min) 

and 

20 mg of 12,13-bisepi-epothilone A, R, = 3.7 min, ESI-MS (positive ions) 
m/z = 494 [M+HT 

'H-NMR in [DJ methanol, selected signals: 

5 * 4.32 (3-H), 5.79 (7-H), 3.06 (12-H), 3.16 (13-H). 5.54 (15-H), 6.69 (17-H), 
1.20 (22-H), 1.45 (23-H). 




12,13-bisepi-epothilone A R - H 



27 



I 



WO 97/19086 



PCT/EP96/05080 



Patent Claims 



1. 



Epothilone derivative having Formula 1 

R 



18 



10 



It 








i % *r 











17 



OR' 0 



1 

where R = H, C M -alkyl; R l . R J = H, C w -alkyl, C^acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C^-alkoxy, C«-alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
and the alkyl and acyl groups in these groups are straight-chain or branched groups and Y 
and Z are either the same or different and stand for hydrogen, halogen, pseudohalogen, OH, 
0-(C,4)-acyl, 0-(C, 4 -alkyl or O-benzoyl or together form the O-atom of an epoxide or one 
of the C-C bonds form a C-C double bond, where epothilone A and B are excepted. 



2. Epothilone derivative having formula 2 




OR' OR 2 



2 
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where R = H, C M -alkyl; R», R 2 , R 3 = H, C w -alkyl, C w -acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C M -alkoxy-, C 4 -alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups a 
Y and Z have the meaning according to Claim 1. 



3 . Epothilone derivative according to formula 3 





3 

where R - H, C w -alkyl; R 1 . R 1 - H, C^alkyl. C^acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, Cralkoxy-. Q-alkyl-, hydroxy-, and halogen-substituted benzyl and phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups and 
X stands generally for -C(OX -C(SK -S(OK -CR'tf- and -SiR,-. where R, R l and R> have 
the meaning given above and R 1 and R 1 together can also form an alkylene group with 2 to 6 
^rhnn atoms: and Y and Z have the meaning according to Claim 1. 



4 Epothilone derivative according to formula 4 

R 




OR 1 0 



4 
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where R = H. C M -alkyl; R», R*. R J , R 4 , R 5 = H, C^-alkyl, C,^acyl, benzoyl, C,^- 
trialkylsilyl, benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl 
or phenyl; the alkyl and acyl groups contained in these groups are straight-chain or branched 
groups; X stands for oxygen, NOR\ N-NR*R S , and N-NHCONR 4 R 5 , where the groups R 3 to 
R* have the meaning given above and R 4 and R 5 together can form an alkylene group with 2 
to 6 carbon atoms; and 

Y and Z .have the meaning according to Claim 1 . 



5. Epothilone derivative having formula 5 




OR 1 0 



5 

where R = H. C M -alkyl; R\ R a - H, C w -alkyl, Cw-acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C M -alkoxy-, C 6 -aIkyl-, hydroxy- and halogen-substituted benzyl or pt 
the alkyl and acyl groups contained in these groups are straight-chain or branched grc 
X stands for hydrogen, C M ,-alkyl. C,. ir acyl. benzyl, benzoyl and cinnamoyl and 
Y and Z have the meaning according to Claim 1. 
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6. Epothilooe derivative according to formula 6 
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6 

in which R = H, C M -alkyl and R 1 = H, C^-alkyl. C^-acyl, benzoyl, C M -trialkylsilyl, 
benzyl, phenyl, C^-alkoxy-, C 6 -alkyl-, hydroxy- and halogen-substituted benzyl or phenyl; 
the alkyl and acyl groups contained in these groups are straight-chain or branched groups; 
and Y and Z have the meaning given in Claim 1. 



7. Epothilone derivative according to formula 7 




OR' 
R*OOC 



OR* 0 



7 

in wnicn R - H. C^alkyl; and R*. R». R'. R* - H. C„-alkyl. C w -acyl. benzoyl, C,.- 
trialkylsilyl. benzyl, phenyl. C^alkoxy, Q-alkyl, hydroxy- and halogen-subsdmted^nzyl 
o^henyl; the alkyl and acyl groups contained in these groups are stra»ght<ham or branched 
oronn.. and Y and Z have the meaning according to Claim I. 
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8. Method for the preparation of an epothilone derivative having formula 7, according to 
Claim 7, characterized by the fact that epothilone A, epothilone B, a 3 -OH- pro tec ted 
derivative of these or a 7-OH-protected derivative of these is 

(a) hydrolyzed enzymatically, especially with an esterase or lipase, or 

(b) is hydrolyzed in an alkaline medium, especially with sodium hydroxide, in a metha- 
nol/ water, mixture, and the epothilone derivative having formula 7 is obtained and isolated. 



9. Method for the preparation of an epothilone derivative having formula 2, according to 
Claim 2 f characterized by the fact that an epothilone derivative having formula 7 S according 
to Claim 7 t or as product of the method according to Claim 8, is converted into the epothi- 
lone derivative having formula 2 according to 

(a) the Yamaguchi method or 

* • 

(b) the Corey method or 

(c) the Kellogg method 

and then this conversion product is isolated. 

10. Method for the preparation of epothilone A and/or 12, 13-biscpi-cpothilone A, 
characterized by the fact that epothilone C is epoxidized, especially with dimethyl dioxiran o 
a peracid. 



1 1 Method for the preparation of epothilone B and/or 12, 13-bisepi-epotmione b, 
characterized by the fact that epothilone D is epoxidized, especially with dimethyldioxiran or 
a peracid. 

12 Means for plant protection in agriculture and forestry and/or in gardening, consisting 
of one or several of the compounds according to one of the previous Claims, or according to 
one or several of these compounds together with one or several usual carriers) and/or 
diluents). 

13 Therapeutic agent, especially for use as cytostatic agent, consisting of one or several 
of the compounds according to one or several of Claims 1 to 7. or one or several compounds 
according to one or several of Claims i to 7 together with one or several of the usual 
carriers) and/or diluents). 
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